Background: This study was conducted to investigate the effects of work on medical expenditures by the elderly. Methods: Data pertaining to individuals aged 65 or older collected by the Korean Health Panel 2008 e2013 were used. The effects of work on medical expenditures were analyzed in a panel tobit model adjusted for several variables of demographic factors, socioeconomic factors, and health factors for health care. Data were also analyzed based on age groups (65e74, 75 ), type of work (waged or self-employed), and working time (daytime work or night time work). Results: Among the elderly older than 65 years, 34e37% were workers. Work among the elderly reduced medical expenditures relative to nonworking elderly. Specifically, medical expenditures were lower in individuals older than 75 years, as well as among those who were self-employed insured and had medical aid insurance and those who exercised. However, medical expenditures were higher among females, married individuals, those with a higher household income, and those with a chronic disease. Elderly wageworkers showed reduced medical expenditures than nonworking elderly and elderly daytime workers did. Conclusion: The elderly population's work, especially wage work and daytime work, reduced medical expenditures relative to no work. These results provide valuable information for policymakers by indicating that work was associated with lower medical expenditures than no work. If elderly work is to be encouraged, it is necessary to provide a variety of high-quality wage work.
Introduction
The elderly population is defined as people aged 65 and above [1] . The countries with the highest proportion of elderly in 2016 were Japan (27.3%), followed by Italy (22.4%) and Germany (21.2%) [2] . In the Republic of Korea, the elderly population increased from 3.7% in 1960 to 12.8% in 2015, and the proportion is expected to continue to increase to 28.7% in 2035 and then 42.5% in 2065 [3, 4] . This is a serious situation that will result in the Republic of Korea having the highest proportion of elderly in 2065 [3] . Increases in the elderly population are associated with various problems, such as decreases in the economically active population and increased elderly medical expenditures. Moreover, health-care expenditures associated with the elderly population can be a burden on national health-care expenditure [5] .
Previous reports have shown that some members of the elderly population desire to work due to insufficient pension funds and active aging. However, only 28.9% of the elderly population (male: 37.5%, female: 22.7%) were working more than 1 hour per week for a salary, and 73% of those who were working had jobs such as simple laborers, farmers, livestock raisers, and fishermen in 2014 [6] . Moreover, unemployed members of the elderly population have high self-assessed unhealthy condition, chronic disease prevalence, depression symptoms, and numbers of hospitalization in a year compared with employed members of the elderly population [6] .
Therefore, the government of the Republic of Korea is providing public work to the elderly population for the purpose of pension supplementation and active aging. Some researchers have reported that this policy improved health conditions and reduced medical expenditures in the elderly [7, 8] , whereas others have insisted that members of the elderly population who worked showed decreased medical expenditures only if they have had two or more chronic diseases [9] . A few international studies have investigated the relationship between work and health, and new longitudinal studies have begun to examine the association of work and health status in the elderly population [10e12]. However, there is still insufficient information regarding the effects of work and health; accordingly, more research is required based on a variety of data from various countries.
Therefore, this study was conducted to identify the effects of work on medical expenditures by the elderly using the Korean Health Panel data, which contain information pertaining to medical expenditures and health behaviors.
Materials and methods

Database
Data pertaining to individuals aged 65 or older that were collected by the Korean Health Panel 2008e2013 were used. The Korean Health Panel is an ongoing longitudinal survey of a nationally representative Korean population that employed a 2-stage cluster, stratified sampling design with probability proportionate to size. The panel has been conducted regularly by the Korea Institute for Health and Social Affairs and National Health Insurance Corporation to assess the dynamic changes in medical expenditure and its distribution. Surveys were conducted by trained interviewers face-to-face with households and individuals.
This study was approved by the Institutional Review Board of the Dongguk University Gyeongju campus (DGU IRB 2016007).
Variables definition
Medical expenditure
Medical expenditure was used as the dependent variable. The medical expenditure variable is the sum of emergency medical expenses, hospitalization expenses, outpatient medical expenses, emergency prescription drugs, inpatient prescription drugs, and outpatient prescription drugs.
Work
Three variables related to work were used as the independent variables. One variable was a yes or no question about whether the individual participated in an economic activity. Another was a binary variable categorized as either work or self-employed work (including unpaid family workers) based on a multiple-alternative question. The final variable was a question regarding whether daytime or night time work was selected.
Statistical analysis
The medical expenditure data were skewed; therefore, they were log transformed to give a log-normal distribution. The panel tobit model, which is also known as a censored regression model, was used because medical expenditures were left-censored data with a zero value. A likelihood-ratio test that formally compares the pooled tobit model estimation with the random effect panel tobit model estimation was confirmed to produce an appropriate estimate using a random effects tobit model.
The effects of work on medical expenditures were analyzed after adjusting for several demographic factors (age, sex, and marital status), socioeconomic factors (household income and type of health insurance), and health factors (chronic disease and physical activity). In addition, the type of work (waged or self-employed) was analyzed as an independent variable to identify differences according to the type of job, while the working time (daytime work or night time work) was analyzed as an independent variable to identify the effects of working at nights. In addition, a propensity score matching method to estimate differences in medical expenditures between workers and nonworkers was performed using one-to-one matching. A propensity score for work variables was calculated by multiple logistic regression, and the variables included in the propensity score were age, sex, marital status, household income, type of health insurance, chronic disease, and physical activity. A two-sided p value of <0.05 was considered to indicate statistical significance in this study. All data manipulation and statistical analyses were performed using Stata/MP version 14 (StataCorp LP, College Station, TX, USA).
Results
Work and job types of participants
Among the elderly older than 65 years, 34e37% were workers, with 41e44% of individuals who were 65e74 years old and 16e21% of individuals older than 75 years working (Table 1 ). There were more than twice as many self-employed workers as wageworkers (Fig. 1 ). There were more unpaid family workers among women than men (Fig. 2, Fig. 3 ).
Effects of work on medical expenditures by elderly
Work among the elderly reduced medical expenditures relative to nonworking elderly.
Specifically, medical expenditures were lower in individuals older than 75 years, as well as among those who were selfemployed insured and had medical aid insurance and those who exercised. However, medical expenditures were higher among females, married individuals, those with a higher household income, and those with a chronic disease.
Analysis by age group revealed that work among individuals who aged 65e74 years reduced medical expenditures relative to nonworking elderly, whereas work was not statistically significant among individuals older than 75 years ( Table 2 ). Calculation of the marginal effects revealed that the working elderly spent 19.54% less than nonworking elderly, whereas the working elderly aged 65e74 years spent 20.30% less than nonworking elderly. 
Effect of job types on elderly medical expenditures
Elderly wageworkers showed reduced medical expenditures relative to nonworking elderly, but elderly self-employed workers did not. Medical expenditures were lower in individuals older than 75 years, as well as those who were self-employed insured and had medical aid insurance and those who exercised. However, medical expenditures were higher among females, married individuals, those with higher household incomes, and individuals with a chronic disease ( Table 3 ). Calculation of the marginal effects revealed that elderly wageworkers spent 42.66% less than nonworking elderly.
Effect of working time on elderly medical expenditures
Elderly daytime workers showed reduced medical expenditures relative to nonworking elderly, but elderly night time workers did not. Medical expenditures were lower among individuals older than 75 years, as well as those who were self-employed insured and had medical aid insurance and those who exercised. However, medical expenditures were higher among females, married individuals, those with higher household incomes, and individuals with a chronic disease ( Table 3 ). Calculation of the marginal effects revealed that elderly daytime workers spent 18.76% less than nonworking elderly (Table 3) .
Effects of work on medical expenditures by the elderly before and after propensity score matching
Before propensity score matching, the medical expenditures of workers and nonworkers differed by 124.19 US dollars (based on 1,000 Korean Won equals one US dollar). After propensity score matching, medical expenditures by workers and nonworkers differed by 201.79 US dollars (Table 4) .
Discussion
This study analyzed the impact of elderly work on elderly medical expenditures using representative panel data with comprehensive information. The choice of variables that affect the impact of work on medical expenditures referenced the demandside factors in the method of predicting the future health-care expenditures of the European economy [13] . Therefore, this study analyzed the effects of elderly work on health expenditures using models including demographic, socioeconomic, and health factors. We found that the elderly population's work, especially wage work and daytime work, reduced medical expenditures relative to no work.
Although not based on studies of the elderly, members of the Swedish working population who are sole proprietors in trade and transportation and in the welfare industry were found to have higher mortality among the self-employed than paid employees, whereas Korean male workers who were self-employed had higher levels of cardiovascular disease than shipyard office workers [14, 15] . Moreover, previous studies reported that night-shift work was related to increased risk of obesity, type 2 diabetes, lung cancer, and coronary heart disease [16e20]. These results are likely related to the finding that elderly self-employed workers and elderly night workers did not have statistically significant medical savings.
Consistent with previous studies, age, being female, and exercise were associated with health-care expenditure. The factors related to increased health-care expenditure among the elderly were age, gender, married, income, education level, disease status, and poor perceived health status in a study by Chung [21] , whereas they were age, female, and disease/disability in a study by Yoon et al [22] , having chronic disease and household income level in an investigation by Lee [23] , and the period and frequency of sportsfor-all participation in Kim's research [24, 25] . There are consistent reports of the association of work and health in the elderly population [10, 11] , while there is also debate regarding whether this effect could actually be a healthy worker effect because populations with occupations are healthier as people with serious illnesses or disabilities are often excluded from employment [26, 27] . In the present study, analysis of differences in medical expenditures by the propensity score matching method showed that elderly workers had lower medical expenditures than nonworkers.
However, despite the positive effects of work in the elderly, it is difficult for members of the elderly population to reduce medical expenditures and maintain their health by working because they generally have a hard time joining the labor market. These findings were verified by the results of a survey of the elderly in 2014, which revealed that 24.6% of the jobs were government supported and that the jobs were short-term jobs that ended within 1 year [5] .
It should be noted that this study has several limitations. First, we could not analyze the differences in the effects of work on medical expenditures by working hours on a daily or monthly scale. Excessive work can have adverse health effects; therefore, it will be necessary to study the most effective monthly or daily working hours. Previous research reported that working more than 60 hours per week was associated with adverse effects on self-rated health among adults [28, 29] . Accordingly, further studies in the elderly are needed to investigate the relationship between working hours and medical expenditures to provide more detailed information regarding the effects of work on health in the elderly. Second, depending on the type of disease the elderly have, there may be differences in the effects of work; therefore, sufficient data to perform subgroup analysis by disease must be collected. Despite these limitations, this study provides meaningful results that will assist the management policy of national medical expenditure as the population continues to age.
In conclusion, the working elderly had lower medical expenditures than nonworking elderly. Especially, having a wage job or daytime work reduced medical expenditures relative to having no work. These results provide valuable information for policymakers in that they indicate that work can have lower medical expenditures than no work. If elderly work is to be encouraged for elderly health, it is necessary to provide a variety of high-quality wage work for the elderly and to establish the health management policy for self-employed work and night work.
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